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THE  EFFECTS  OF  INSTRUCTIONAL  METHODS  AND  INDIVIDUAL  DIFFERENCES 
ON  THE  COGNITIVE  PROCESSING  OF  INSTRUCTION 


INTRODUCTION 


Research  cn  the  variables  accounting  for  achievement  from 
instruction  has  offered  little  encouragement  or  guidance  to 
em.pirica lly  oriented  educational  psychologists.  Stephens 
(1367),  fcr  example,  reviewed  the  results  of  a  large  number 
of  studies  comparing  achievement  from  different  instruction¬ 
al  methods  and  concluded  that  “...in  educational  investiga¬ 
tion  one  method  turns  out  to  be  as  good  as  another  and  that 
promising  innovations  produce  about  as  much  growth  as  the 
procedures  they  supplant,  but  no  more"  (p.10).  A  core  re¬ 
cent  review  by  Fontague,  Ellis,  and  Uulfeck  (1981)  cited 
similar  concerns  regarding  how  little  guidance  designers  can 
take  from  a  century  of  instructional  research. 

In  the  last  few  years  instructional  research  has  begun  to 
focus  cn  the  interaction  between  individual  differences  and 
instructional  treatments  in  an  attempt  to  provide  that  gui¬ 
dance.  This  emercinq  area  of  research  has  come  to  be  known 
as  the  study  cf  aptitude-treatment  interactions  (ATI’s). 
The  logic  propelling  ATI  research  is  straightforward:  no 
one  instructional  method  is  presumed  superior  for  all  types 
of  students.  On  the  contrary,  ATI  research  assumes  that 
students  with  one  set  of  characteristics,  say  higher  abilil- 
ty  or  motivation,  may  be  taught  optimally  using  one  instuc- 
tional  method,  whereas  others  with  different  characteristics 
may  be  tauaht  mere  effectively  another  way.  Unfortunately, 
ATI  research  has  produced  few  replicable  interactions  (Cron- 
bach  and  Snow,  1977;  Snow  1976;  Tobias,  1981).  More  puz- 
zlinqly,  the  number  cf  significant  interactions  reported  has 
been  offset  by  an  equal  number  of  insignificant  ATIs  (Tobi¬ 
as,  1981a).  And  all  the  more  disturbing  are  reports  cf  sig¬ 
nificant  interactions  which  cannot  be  replicated  or  when 
replicated  produce  significant  interactions  in  the  opposite 
direction  (Peterson,  1977,  1979). 

The  purpose  cf  the  present  research  was  to  bring  seme  or¬ 
der  to  the  study  of  ATIs  by  examining  some  hitherto  neglect¬ 
ed  variables.  Rather  than  investigating  differences  in  in¬ 
structional  methods,  our  research  examined  the  types  of 
cognitive  processing  students  used  while  engaged  in  meanin- 
gul  learning  via  microcomputer.  Within  this  framework, 
then,  the  term  macroprocesses  refers  to  these  relatively  mo¬ 
lar  ccqnitive  processes  students  use,  such  as  reviewing, 
previewing,  seeking  clarification,  or  notetaking,  when 
learning  from  instruction.  The  types  of  macroprocesses  in¬ 
vestigated  included  mental  review,  organizational  strat- 
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eqies,  and  obtaining  assistance  and  clarification  when  con¬ 
fused  . 

For  the  ji.ost  part,  research  in  the  area  of  adapting  in¬ 
struction  to  learner  characteristics  has  ignored  these  mac- 
rocrocesses.  Not  only  do  these  m.acr  oprocesses  need  to  be 
clearly  defined  and  understood,  but  their  relationship  to 
variations  in  instructional  methods  and  individual  differ¬ 
ence  measures  -  and  their  interactions  -  require  systematic 
examination • 

The  research  design  operationalized  the  microprocessing 
construct  by  using  microcomputers  which  net  only  presented 
instructional  text,  but  provided  the  student  with  a  number 
of  text  manipulating  options  while  retaining  data  cn  the 
frequency  of  their  use.  For  example,  mental  review  was  de¬ 
termined  by  the  number  and  length  of  text  reviews,  by  stu¬ 
dent  notes  taken  on  the  computer,  and  by  student  reviews  of 
these  notes.  The  organizational  strategies  used  were  deter¬ 
mined  by  examining  the  frequency  with  which  students  pre¬ 
viewed  the  table  of  contents  or  previewed  the  text.  Obtain¬ 
ing  help  ar.d  elaboration  were  indexed  by  the  number  cf  times 
the  student  used  and  reviewed  an  alternate,  easier  version 
of  the  text  while  working  on  the  instructional  material. 

A  secondary  focus  of  this  research  was  on  the  relation¬ 
ship  between  macropr ccessinq  and  anxiety.  ATI  research  has 
attempted  to  demonstrate  an  interaction  between  anxiety  and 
those  instructional  methods  assumed  to  be  differentially  af¬ 
fected  by  anxiety.  Recent  reviews  of  ATI  research,  however, 
point  to  a  need  for  investigations  with  stronger  theoretical 
bases.  Eased  firmly  in  a  cognitive  view  of  test  anxiety, 
our  research  examined  the  relationship  between  anxiety  and 
instruction  by  varyinq  the  level  of  instructional  support 
provided  to  the  learner  (e.g.,  inserting  adjunct  pcstques- 
tiens,  providing  feedback,  and  allowing  for  preview  and/or 
review  of  the  instructional  material) . 

It  has  been  suggested  that  anxiety  does  not  directly  af¬ 
fect  instructional  outcomes,  but,  rather,  affects  the  cogni¬ 
tive  processes  enqsged  by  the  instructional  treatment,  and 
these,  in  turn,  affect  performance  (Tobias,  1980).  From  an 
information  processing  perspective,  such  a  model  assumes 
that  anxiety  interferes  with  the  effective  input  of  instruc¬ 
tional  material,  in  addition  to  affecting  learning  from  in¬ 
struction  at  other  points  (during  both  the  processing  and 
the  output  staqes) .  It  follows,  then,  that  an  instructional 
treatment  which  permits  the  learner  to  review  effectively 
the  instructional  text  will  be  selectively  beneficial  to 
highly  anxious  learners.  A  major  purpose  of  this  study  was 
to  test  that  hypothesis. 
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In  general,  pricr  research  cn  anxiety  and  achievement 
sucqests  that  hiqhly  anxious  learners  will  encage  in  more 
freauent  macroprocesses  than  low  anxious  students.  This  ex¬ 
pectation  derives  from  an  in  for maticn-processing  model  of 
anxiety  (Tobias  ,1964)  which  hypothesized  that  the  negative 
self-precccupations  typically  associated  with  high  anxiety 
absorb  some  portion  cf  the  individual's  information  process- 
inc  capacity.  Consequently,  it  follows,  that  only  a  reduced 
preportion  of  ccqnitive  capacity  remains  available  fer  pro- 
cessinq  task  related  information.  It  also  follows  that  en- 
qaainq  macroprocesses  such  as  review,  and  obtaining  help  or 
elaboration  should  be  differentially  beneficial  for  the 
achievement  of  highly  anxious  students  when  compared  with 
their  low  anxious  counterparts. 

This  study  attempted  to  address  the  issue  of  whether  anx¬ 
iety  interacts  with  the  level  of  instructional  support  pro¬ 
vided  to  the  learner.  Moreover,  the  ’’rracroprccess"  con¬ 
struct  was  incorporated  into  the  design  in  an  effort  to 
detect  the  specific  behaviors  (e.g.,  previewing,  reviewing, 
notetakina)  employed  by  students  varying  in  test  anxiety, 
prior  knowledge,  and  instructional  support.  The  basic 
strategy,  then,  examined:  (1)  whether  different  instruction¬ 
al  methods  affected  the  frequency  with  which  macr oprocesses , 
such  as  those  described  above,  were  used  by  students;  (2) 
the  relationship  between  these  macroprocesses  and  the  indi¬ 
vidual  difference  measures  of  anxiety  and  pricr  knowledge; 
and  (3)  the  interactions  among  them. 


Review  of  Research 

There  are  a  number  of  converging  lines  of  evidence  support¬ 
ing  the  oeneral  hypotheses  outlined  above.  These  include 
research  cn  the  interaction  between  prior  achievement  and 
instructional  methods  and  research  on  the  use  of  questions 
inserted  in  text,  and  on  student  strategies  such  as  review¬ 
ing  the  instructional  text.  Each  of  these  areas  cf  research 
is  discussed  briefly  in  an  effort  to  establish  the  theoreti¬ 
cal  perspective  quidinq  this  study. 


ATI  Research 

Most  ATI  researchers  seek  interactions  between  instructional 
methods  and  cognitive  aptitudes  such  as  intelligence  cr  ver¬ 
bal  ability.  Tobias  (1977a)  suggested  that  examining  the 
interaction  between  prior  achievement,  rather  than  aptitude, 
and  i nstructicnal  method  may  be  more  relevant  to  instruc¬ 
tional  research  for  a  number  of  reasons.  First,  correla¬ 
tions  between  aptitudes  and  achievement  from  instruction 
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vary  dra irat i ca  1  ly  ever  time,  a  finding  most  recently  demon¬ 
strates  by  Federico  (1983)  and  ty  Burns  (1980).  ATIs  found 
at  the  fceoinninc  of  an  instructional  program,  then,  may  be 
iirlevant  once  the  instructional  sequence  is  underway.  Sec- 
onc,  it  may  te  difficult  to  construct  alternative  methods  of 
instruction  by  relyinq  only  on  aptitude  differences.  Third, 
the  specific  psychological  processes  engaged  by  a  particular 
content  area  can  te  sampled  using  an  achievement  oriented 
pretest,  whereas  mere  qeneral  aptitude  measures  may  net  pro¬ 
vide  such  potentially  useful  information. 

These  concerns,  amonq  others,  led  to  the  hypothesis  that 
the  level  of  prior  achievement  is  inversely  related  to  the 
amount  of  instructional  support  required  to  facilitate 
achievement.  That  is,  students  with  low  levels  of  prior 
achievement  in  a  particular  content  area  are  expected  to  re- 
auire  substantial  instructional  support  to  accomplish  objec¬ 
tives.  Conversely,  those  higher  in  prior  achievement  are 
expected  to  need  little  instructional  support.  Operational¬ 
ly,  pricr  achievement  is  readily  defined  by  students'  pre¬ 
test  scores.  Instructional  support  can  te  defined  as  the 
assistance  provided  to  the  learner  in  terms  of  organizing 
the  instructional  content,  eliciting  responses,  providing 
feedback  regarding  those  responses  and  so  on. 

There  is  considerable  research  support  for  this  hypothe¬ 
sis  (Tobias,  1577a;  1961;  1982).  For  example,  it  has  been 
demonstrated  that  students  with  limited  prior  achievement 
learned  most  under  conditions  of  maximal  instructional  sup¬ 
port,  whereas  this  effect  was  less  marked  for  students  with 
hiqher  levels  cf  prior  achievement.  A  more  detailed  review 
of  this  literature  can  be  found  elsewhere  (see  Tobias, 
1977a ;  1981)  . 

It  should  be  noted,  though,  that  support  for  the  prior 
achievement-instructional  support  hypothesis  has  been  accom¬ 
panied  by  some  conflicting  evidence  (Tobias,  1982)  suggest¬ 
ing  that  ether,  more  subtle  variables  may  be  involved.  This 
disparate  evidence  suqqests  that  external  differences  be¬ 
tween  instructional  methods  may  be  less  important  than  the 
way  students  process  the  instructional  material.  These 
findings  led  to  a  reformulation  of  the  achievement-treatment 
interaction  hypothesis. 

It  was  reasoned  that  for  novel  content  all  forms  of  in¬ 
structional  support  would  probably  enhance  students'  active 
attempts  to  comprehend  and  organize  the  subject  matter.  For 
such  content,  providing  support  should  enable  students  to 
process  the  content  more  deeply  than  they  otherwise  could. 
In  such  situations  instructional  support,  such  as  providing 
objectives,  advance  orqanizers,  or  similar  techniques  may 
imurove  the  ability  of  students  to  organize  the  material. 
Other  supDort.  such  as  eliciting  overt  responses,  providing 
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feedback,  and  usinq  adjunct  questions  may  facilitate 
achievement  by  making  it  easier  for  students  to  fix  their 
attention  on  ccnplex,  novel  content. 

On  the  other  hand,  on  familiar  material  high  levels  of 
instructional  support  may  be  unnecessary  for  a  variety  of 
reasons.  It  is  assumed  that  familiarity  reduces  the  diffi¬ 
culty  cf  the  material  to  be  learned,  despite  its  intrinsic 
complexity.  Support  to  improve  the  organization  of  easy  ma¬ 
terial  may  then  be  unnecesary,  since  students'  knowledge  of 
the  subject  matter  may  impose  an  organizational  structure. 
Similarly,  the  high  degree  of  attention  required  for  novel 
material  is  unnecessary  when  students'  have  had  considerable 
prior  experience  with  similar  or  related  content  areas.  For 
these  reasons  instructional  support  is  not  expected  to  im¬ 
prove  achievement  for  students  with  high  levels  of  prior 
knowledge.  Such  an  analysis  suggests  that  external  differ¬ 
ences  in  instructional  methods  are  significant  only  to  the 
decree  that  they  influence  the  macroprocesses  used  ty  stu¬ 
dents  while  encaqed  in  instruction.  Research  examining  the 
interaction  between  the  level  of  instructional  support  and 
use  cf  m.acr  cprccesses  may  shed  light  cn  this  issue. 


Adjunct  Cyesticns  Research 

In  qeneral,  the  adjunct  question  paradigm  consists  of  inter¬ 
spersing  questions  in  a  passage  of  text  contiguous  to  the 
material  cn  which  they  are  based.  In  a  typical  study  one  or 
two  aaiunci  questions  aic  inserted  either  before  (preques- 
tiens)  or  after  (pcstquestions)  a  seqment  of  text  -  usually 
one  or  two  pages  of  text.  Adjunct  questions  and  the  related 
text  segnents  are  presented  separately,  and  the  reader  is 
usually  not  permitted  to  review  the  text  once  it  has  been 
presented.  t'pen  completion  of  the  entire  passage,  a  post¬ 
test  is  administered  to  determine  the  amount  cf  questioned 
(relevant)  and  non-  questioned  (incidental)  material  re¬ 
tained  by  the  readers. 

For  the  most  part,  studies  cf  this  sert  have  reported 
consistently  that  the  prequestion  group  retains  about  the 
same  amount  of  material  directly  questioned  (relevant)  as 
the  postquesticn  group  (Rickards,  1979),  and  that  beth  ad¬ 
junct  question  qroups  retain  more  of  the  questioned  material 
than  a  readinq  only  control  group  (Anderson  and  Eiddle, 
1975)  .  This  has  been  called  the  "direct  instructive  effect" 
(Fcthkopf,  1966)  cr  the  "direct  effect"  (Anderson  6  Eiddle, 
1975).  More  important,  however,  these  studies  have  demon¬ 
strated  consistently  that  a  postquestion  group  recalls  more 
of  the  text  material  not  actually  questioned  (an  indirect 
effect)  when  compared  with  a  prequestion  group  or  a  reading 
only  control  group. 
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As  Rickards  (1  979)  noted  in  his  review  of  the  adjunct 
Dcstquestions  literature,  the  pa  radio  rr.  shift  to  a  mere  cog¬ 
nitive  view  of  learninq  is  evidenced  in  the  nuir.ber  of  stud¬ 
ies  that  have  used  adjunct  postquestions  to  assess  the 
"depth  of  processing"  or  conceptual  level  necessary  to  re¬ 
spond  correctly  (Duell,  1974;  Rickards,  1979;  and  Rickards 
and  DiVesta,  1974).  Initially  proposed  as  a  framework  for 
understanding  human  memory  (see  Craik  C  Lockhart,  1972),  the 
depth  of  processing  methaphor  has  come  to  represent  a  useful 
way  of  analyzing  reading  comprehension.  Within  this  frame¬ 
work,  the  "deeper"  (i.e.,  more  semantic)  the  processing,  the 
better  the  comprehension. 

Despite  the  relative  abundance  of  studies  using  adjunct 
postques tions ,  few  investigations  have  been  directed  at  the 
effects  cf  individual  differences  on  the  effectiveness  of 
adjunct  pcstquest ions  inserted  in  text.  These  individual 
difference  -  adjunct  qustion  studies  have,  for  the  most 
part,  employed  the  ATI  paradigm.  For  example,  Frase,  Pat¬ 
rick  6  Schumer  (1970)  studied  the  effectiveness  cf  pre-  and 
postquestions  cn  students  varying  in  level  of  motivation. 
Under  low  incentive  conditions,  presenting  adjunct  questions 
after  the  text  enhanced  recall.  As  the  incentive  increased, 
the  effectiveness  cf  the  postquestions  decreased.  Apparent¬ 
ly  the  adjunct  postq ues tions  served  to  increase  a  student's 
"forward  and  backward"  processing  of  the  text  even  if  the 
individual's  motivation  was  low. 

Hothkcpf  (1972)  reported  that  low  ability  students  (i.e., 
these  with  ineffective  reading  skills)  achieved  more  under 
the  adjunct  questions  conditions  when  compared  to  the  no  ad¬ 
junct  question  qrcup,  as  expected  from  the  achievement  - 
treatment  hypothesis  (Tobias,  1977b).  The  lower  ability 
students,  Rcthkcpf  arqued,  were  aided  in  terms  of  increased 
inspecticn  rates  (attention  to  text)  produced  by  the  inser¬ 
tion  of  adjunct  postquestions. 

Hiller  (1974)  varied  two  sets  of  inserted  postquestions 
desiqned  to  have  different  levels  of  readability.  Individu¬ 
al  differences  in  verbal  ability,  anxiety  and  self-confi¬ 
dence  were  alsc  examined  as  they  interacted  with  four  treat¬ 
ment  levels:  (1)  relatively  easy  inserted  post-  questions; 
(2)  relatively  difficult  inserted  postquestions ;  (3)  passive 
reaainq;  and  (4)  idiosyncratic  study.  The  scores  on  the  im¬ 
mediate  retention  test  for  the  difficult  postquesticn  group 
reading  the  difficult  lesson  were  correlated  positively  with 
self-confidence  and  negatively  with  test  anxiety.  Thus, 
learninq  was  correlated  with  anxiety  and  sel f-ccnf idence  for 
the  two  treatments  in  which  the  text  had  lower  than  average 
readability,  but  net  in  the  average  readability  level  treat¬ 
ment  . 
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Shave  3  _Lwii ,  Berliner,  Ravitch,  end  Loedir.g  ( 1 97  U )  attempt- 
ed  to  extend  the  study  cf  the  interactions  between  individu¬ 
al  differences  in  aptitudes  and  instructional  treatments  by 
manipula tinq  the  position  and  type  of  questions  inserted  in 
prose  material.  Five  aptitude  measures  were  administered: 
(1)  vocabulary;  (2)  hidden  figures  test  for  general  ability; 
(3)  letterspan  or  recall  for  letters;  («)  Taylor  Manifest 
Anxiety  (Taylor,  1  953);  and  (5)  memory  for  semantic  implica¬ 
tions.  Total  and  incidental  learning  scores  were  regressed 
on  the  aptitude  measures  to  test  for  ATI's.  No  interactions 
between  memory  ability,  measured  by  the  letterspan  and  se¬ 
mantic  irripl  ica  tions  tests,  and  treatments  were  found.  More¬ 
over,  anxiety  and  the  hidden  figures  test  also  did  not  in¬ 
teract  with  the  treatments.  The  vocabulary  score  did 
interact  with  the  treatments  on  Loth  the  immediate  and  the 
delayed  retention  test  indicating  that  higher  order  adjunct 
questions  placed  after  the  text  facilitated  the  performance 
of  subjects  with  lew  vocabulary  scores. 

The  studies  presented  above  have  varied  with  respect  to 
the  individual  difference  dimensions  investigated.  Despite 
these  variations,  one  salient  point  has  energed:  the  more 
support  the  adjunct  question  treatment  provides  to  the  lear¬ 
ner,  the  areater  the  achievement .  When  students  are  asked 
questions  that  are  directly  relevant  to  the  material  to  be 
learned,  their  achievement  increases.  When  adjunct  post¬ 
questions  lead  to  increased  attention,  that  treatment,  in 
turn,  produces  increased  learning. 


Student  Review  Strategies 

The  majority  of  studies  using  adjunct  questions  have  includ¬ 
ed  instructions  tc  the  subjects  not  to  review  the  text. 
However,  Gustafson  and  Toole  (1970)  permitted  review  and  al¬ 
lowed  their  subjects  to  study  a  passage  fer  as  much  time  as 
they  wished.  Their  results  were,  in  general,  consistent 
with  the  basic  findings  of  a  mathemagenic  effect  reported  by 
Rothkopf  (1967  ,  1972).  The  ability  to  attend  selectively 
to,  and  presumably  review,  the  questioned  material  produced 
a  substantial  improvement  in  intentional  learning  and  a 
small  improvement  in  incidential  learning  for  the  adjunct 
auesticn  croup.  Unfortunately,  this  investigation  did  not 
report  the  freqeuncy  of  review  by  students.  Thus,  conclu¬ 
sions  drawn  about  the  precise  role  of  review  as  a  learning 
strateqy  in  this  study  are  tenuous. 

Garner  and  Reis  (1961)  investigated  reading  "lookbacks*', 
i.e.,  reviewing  previously  read  material,  among  good  and 
poor  readers  in  qrades  thru  10.  Reviewing  was  explicitly 
encouraaed,  and  the  investiqators  monitored  the  lcokback  be¬ 
haviors.  Their  results  indicated  that  only  the  older  good 
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readers  used  the  reviewing  strategy  with  any  frequency  or 
decree  of  success. 

In  a  further  study,  Alexander,  Hare,  and  Garner  (1984  ) 
investigated  review  strategies  among  older  (undergraduates), 
proficient  readers.  Prior  to  instruction  subjects  were 
asked  what  strategies  they  would  use  on  a  task  that  required 
readinq  a  passaqe  and  answering  subsequent  questions.  After 
the  instructional  task,  subjects  were  then  asked  what  strat¬ 
egies  they  actually  used.  It  was  reported  that  these  who 
said  they  used  a  particular  strategy  (e.g.,  underlining  or 
reviewinq) ,  actually  did  so  and,  conversely,  very  few  sub¬ 
jects  used  a  strateqy  that  they  had  not  previously  reported. 
However,  the  rather  surprising  result  of  this  study  was  that 
more  than  half  (29  out  of  52)  of  these  cider,  proficient 
readers  failed  to  review  the  text  at  all.  The  authors  noted 
that  this  may  be  an  artifact  of  their  design,  since  many 
students  reported  that  they  thought  they  were  not  permitted 
to  look-tack  or  review  the  material. 

In  general,  the  literature  on  reading  comprehension  sug¬ 
gests  that  there  are  both  quantitative  and  qualitative  dif¬ 
ferences  in  beth  metauognitive  and  reading  comprehension 
skills  and  strategies  between  cooc  and  poor,  as  well  as  old¬ 
er  anc  younger,  readers.  However,  there  is  some  evidence 
that  even  experienced,  qood  readers  do  rot  routinely  use 
certain  strategies  thought  to  be  in  their  reportcire  (Alex¬ 
ander,  Hare,  l  Garner,  1984).  Clearly,  more  research  is 
needed  in  this  area,  most  especially  in  the  area  of  strategy 
training  both  with  different  age  groups  and  differing  skill 
levels. 


Recent  reviews  cf  ATI  research  dealinq  with  anxiety  (Tobias, 
1977a,  1980)  suggest  that  anxiety  dose  net  directly  affect 
instructional  cutccmes.  Instead,  anxiety  affects  the  cogni¬ 
tive  processes  engaged  by  the  instructional  materiel  and 
methods,  and  these,  in  turn,  affect  performance.  Mere  spe¬ 
cifically,  this  information  -  processing  model  of  anxiety 
assumes  that  test  anxiety  interferes  with  the  effective  in¬ 
put  of  the  instructional  material,  in  addition  to  affecting 
learninq  from  instruction  at  other  points  (i  .e . ,  during  both 
processing  and  output  stages).  It  fellows,  then,  that  an 
Instructional  method  which  permits  tha  learner  to  review  in¬ 
structional  input  effectively  will  be  selectively  beneficial 
to  hiqhly  anxicus  students.  This  research  tested  this  hy¬ 
pothesis  as  well. 
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Su cmar y 


ATI  research  relating  prior,  achievement  and  instructional 
support  has,  in  general,  supported  the  hypothesis  of  an  in¬ 
verse  relationship  between  these  variables.  That  is,  gener¬ 
ally,  students  with  little  relevant  prior  experience  typi¬ 
cally  profited  rccst  from  instructional  methods  offering 
substantial  instructional  support,  whereas  such  support  was 
often  cf  little  benefit  to  students  with  high  levels  of  rel¬ 
evant  pricr  experience.  Conflicting  findings  in  this  area, 
and  in  ATI  research  in  general,  have  led  to  an  emphasis  on 
the  cognitive  processes  engaged  by  instructional  methods  and 
by  student  characteristics.  A  tacit  assumption  cf  that  ap¬ 
proach  is  that  the  psychologi ca 1  processes  encaged  by  in¬ 
structional  methods  may  lead  to  more  consistent  results  than 
the  more  superficial  characteristics  of  instructional  meth¬ 
ods. 


Research  has  also  indicated  that  adjunct  questions  are  an 
important  source  of  instructional  support  in  that  they  typi¬ 
cally  improve  the  achievement  of  students  on  material  rele¬ 
vant  tc  the  content  of  the  questions.  While  there  has  been 
a  cocc  deal  of  speculation  about  the  mechanisms  by  which  ad¬ 
junct  questions  achieve  their  effect,  little  direct  evidence 
reaarding  these  questions  is  available. 

The  aim  of  the  present  study  was  to  determine  whether 
different  instructional  methods,  such  as  providing  text  aug¬ 
mented  with  adjunct  questions,  or  questions  with  feedback, 
induced  students  tc  use  different  macroprocesses  while  read- 
inc.  Further,  we  investiqated  whether  students  of  different 
characteristics,  i.e.  varying  levels  of  prior  achievement, 
reauinq  ability  and  anxiety  used  different  instructional 
methods.  Finally,  we  studied  whether  these  two  variables 
interacted. 
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METHOD 


Students  were  randomly  assigned  to  read  an  instructional 
text  displayed  by  micr ocompu ter  in  cne  of  three  different 
methods.  In  each  condition  students  could  use  a  variety  of 
options  to  facilitate  study  of  the  text.  Individual  differ¬ 
ence  data,  including  measures  of  reading  ability,  prior 
knowledge  of  the  content,  and  anxiety  were  administered  to 
students . 


Subjects 

Volunteers  for  this  experiment  were  recruited  from  the  stu¬ 
dent  population  of  the  City  College  of  New  York.  A  tctal  of 
120  S's  participated  in  the  study.  The  sample  was  comprised 
cf  68  males  and  52  females  with  a  mean  age  of  21.  Students 
were  paid  £12  for  their  participation. 


EilQt  Study 

In  a  preliminary  study  47  students  were  asked  to  "list  all 
of  the  study  techniques  you  use  in  learning  from  textbooks, 
articles  and  the  like."  Student  responses  were  submitted  to 
content  analysis  and  the  single  most  prominent  strategy  ap¬ 
peared  to  be  reviewing,  followed  by  underlining,  preparing 
summaries  taking  notes,  skimmming,  obtaining  extra  help  by 
use  cf  dictionary,  and  consulting  title  headings.  The 
equipment  available,  Apple  II  microcomputers,  prevented  im¬ 
plementation  of  the  underlining  strategy,  though  as  many  of 
the  others  as  possible  were  used  in  this  investigation. 


Eiocedures 

The  instructional  materials  were  presented  using  Apple  II 
Plus  microcomputers.  The  time  subjects  spent  reading  each 
text  seqnent,  alorq  with  their  responses  to  all  questions, 
were  recorded  automatically  by  the  computer.  In  addition, 
the  computer  recorded  each  use  of  the  macroprocess ing  op¬ 
tions  to  be  described  below. 
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Subjects  were  randomly  assigned  to  one  of  three  instruc¬ 
tional  treatments:  (1)  a  reading  only  control  group;  (2)  an 
adjunct  postquesticns  group;  and  (3)  an  adjunct  pcstques- 
tions  with  feedback  group.  Fes tquestions  required  a  con¬ 
structed  response  and  were  presented  after  each  screenful  of 
text,  i.e.,  two  cr  three  paragraphs.  Subjects'  responses 
were  evaluted  by  the  computer  and  three  classes  of  feedback 
were  provided:  (1)  subjects  were  informed  that  their  re¬ 
sponse  was  identical  to  the  answer  provided  in  the  text;  (2) 
the  response  was  similar  to,  or  equivalent  to  one  provided 
in  the  text;  and  (3)  the  response  appeared  to  be  incorrect 
and  the  correct  response  was  provided. 

Ihe  procedures  were  administered  in  two  sessions.  In  the 
first  session  subjects  were  given  a  pretest  covering  the  in¬ 
structional  material  to  be  presented  subsequently  (Cron- 
bach's  Alpha  Reliability  =  .75),  the  Nelson  Denny  Reading 
Test  (Ercwn,  et  al.,  1981),  the  Test  Anxiety  Scale  (Sarason, 
1972),  four  subtests  of  the  Learning  Study  Skills  Invetory 
(Weinstein,  1982),  and  the  Worry -Emotionality  Scale  (Morris 
et  al.,  1981)  with  instructions  to  complete  it  in  terms  of 
the  way  they  felt  at  that  moment.  These  materials  were  ad¬ 
ministered  in  group  settings  ranging  from  three  to  35  sub¬ 
jects  . 

In  the  second  session  students  were  assigned  tc  microcom¬ 
puters  to  study  the  text.  When  students  completed  cne  half 
the  i nst ructicnal  material  the  Worry-Emotionality  Scale 
(Morris  et  al.,  19ei)  was  administered  on  the  computer  with 
instructions  to  respond  they  way  they  felt  while  studying 
the  material.  Upon  completion  of  the  instructional  materi¬ 
al,  each  subject  completed  a  paper  and  pencil  version  of  a 
constructed  response  posttest  (Cronbach's  Alpha  Reliability 
=  .92)  and  another  version  of  the  Worry-Emotionality  Scale 
with  instructions  to  report  how  they  felt  while  working  on 
the  posttest. 


Instructional  Text 

The  instructional  material  consisted  of  22  screenfuls  of 
text,  173  sentences  making  up  roughly  forty-nine  paragraphs. 
The  text  presented  some  major  concepts  of  data  processing, 
computer  proqramminq,  and  a  sample  of  illustrative  commands 
of  the  BASIC  programming  language.  Each  of  the  173  sentenc¬ 
es  in  the  text  was  numbered  and  exposed  one  at  a  time.  When 
a  sentence  was  read  and  the  space  bar  depressed,  it  was 
erased  though  the  space  it  occupied  and  its  number  remained. 

The  text  was  estimated  to  require  a  l*»th  grade  reading 
level  (Fry,  1969)  .  An  alternate,  easier  version  of  the  text 
was  constructed  which  had  the  same  content  in  every  para- 
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araph  as  the  main  text,  but  used  an  easier  vocabulary,  i.e., 
the  10th  qrade  acccrdinq  to  the  Fry  (19S9)  formula,  ihe  al¬ 
ternate  text  also  was  structured  so  that  supercrdinate  con¬ 
certs  and  sentences  preceded  subordinate  ones  to  a  greater 
extent  than  in  the  main  text. 

A 11  students  cculd  choose  any  of  these  options  while 
readina  the  text:  they  could  (1)  review,  cr  (2)  preview  any 
sentence,  or  grcup  of  sentences;  (3)  consult  the  alternate 
version  of  the  text  after  completing  a  paragraph.  U)  The 
alternate  text  could  be  reviewed,  or  (5)  previewed.  6)  Stu¬ 
dents  were  able  tc  take  notes  on  the  computer  system,  (7) 
and  review  their  nctes.  8)  An  organizational  display  could 
be  requested  containing  all  the  headings  in  the  main  and  al¬ 
ternate  texts,  the  sentence  numbers  covered  by  each  heading, 
and  the  number  cf  the  sentence  students  were  presently  read¬ 
ing.  9)  A  menu  of  the  options  available,  and  how  they  could 
be  invoked  could  also  be  requested. 

The  options  described  above  could  be  invoked  by  students 
at  any  time  during  the  course  of  the  presentation  with  two 
exceptions:  (1)  the  adjunct  question  group  could  invoke  the 
options  only  after  they  had  responded  to  the  question;  and 
(2)  the  alternate  version  of  the  text  cculd  be  requested 
only  after  a  complete  paragraph  had  been  read.  A  beep  was 
sounded  by  the  computer  at  the  end  of  a  paragraph  signaling 
that  the  alternate  version  of  the  text  could  be  consulted. 

Prior  to  the  beginning  of  the  instructional  presentation, 
a  description  cf  each  of  the  options  was  provided.  The  de¬ 
scription  required  students  to  use  each  option  at  least  once 
to  ensure  familiarity  with  the  procedures  prior  to  instruc¬ 
tion.  After  the  first  few  introductory  remarks,  the  de¬ 
scriptive  material  followed  the  same  structure  as  the  ensu- 
ina  instructional  material,  i.e.,  each  sentence  was  numbered 
and  presented  one  at  a  time  and  the  space  bar  on  the  comput¬ 
er's  keyboard  had  tc  be  depressed  to  produce  the  next  sen¬ 
tence. 
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RESULTS 
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The  means  and  standard  deviations  for  the  macr cprocessing 
options,  and  the  percentage  of  students  not  employing  any  of 
the  options  are  displayed  in  Table  2. 
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Insert  Table  3  here 


As  expected,  pretest  contributed  si qni f i cant  1 y  to  pcsttest 
scores  on  both  the  relevant  and  incidental  items.  Also  as 
expected,  there  were  significant  differences  among  groups  in 
achievement  on  both  the  relevant  and  incidental  portions  of 
the  pcsttest.  Both  groups  receiving  adjunct  postquestions 
outperformed  the  readinq  only  control  group  on  the  pcsttest. 
There  was  also  a  main  effect  attributable  to  worry,  a  compo¬ 
nent  of  test  anxiety  (Korris,  et  al.,  1981),  on  the  inciden¬ 
tal  portion  of  the  posttest,  indicating  that  anxious  stu- 
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able  1. 


Mean  and  Standard  Deviations  for  Various  Variables 
in  Macroprocessing  Study,  by  Group. 


Variables  Adjunct  Adjunct  Read 

Questions  Questions  Only 
plus  Feedback 


Posttest  Incidental 

13.14 

14.84 

11.99 

5.40 

5.86 

5.05 

Posttest  Relevant 

17.56 

17.90 

13.91 

5.28 

6.00 

5.16 

Posttest  Total 

30.70 

32.74 

25.89 

10.13 

11.48 

9.47 

Pretest  Incidental 

8.34 

8.51 

7.74 

3.74 

2.87 

3.03 

Pretest  Relevant 

11.10 

12.26 

11  .37 

4.43 

3.82 

3.38 

Pretest  Total 

19.45 

20.77 

19. 12 

7.41 

5.77 

5.45 

■w 

Anxiety  Variables 

Test  Anxiety 

17.00 

17-97 

19.44 

• 

6.46 

8.28 

6.35 

Worry-Pretest 

8.16 

8.62 

8.67 

3.67 

4.28 

3.84 

Erro  t  ion  ality -Pretest 

7.39 

8.05 

6.67 

3-85 

4.66 

2.33 

Worry-Program 

9.24 

9.62 

9.33 

3.91 

4.66 

4.04 
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Table  1  continued. 


Adjunct  Adjunct  Read 
Questions  Questions  Only 
plus  Feedback 


Anxiety  Variables  Continued 
Emotionality-Program 

Worry-Posttest 

Emotional it y-Posttest 

Nelson-Penny  Reading  Raw  Scores 
Vocabulary 

Comprehension 

Total 

Study  Skills 
Motivation 

Self-Testing 

Sel f-Schedul ing 

Attitude 

Information  Processing 


7.53 

7-03 

8.05 

3.68 

2.58 

3 .56 

8.59 

9-76 

11.86 

3-36 

4.61 

5 . 57 

7.22 

7.50 

7.79 

3-54 

3.87 

3*56 

41.18 

42.51 

38.23 

21.13 

23-75 

22.27 

29.60 

30.74 

27-28 

14.69 

18. 32 

16.27 

71.58 

72.18 

65.44 

31.48 

18. 32 

36.65 

28.08 

31.13 

30.77 

7.29 

8.89 

8.75 

17.22 

16.53 

16.33 

4.20 

3. 60 

3.18 

17.14 

14.40 

15.13 

3-64 

4 .42 

4.63 

7.06 

7.34 

6.85 

3.01 

3.00 

2.73 

64.30 

55.11 

58.18 

10.68 

10.08 

13.  16 
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able  2. 


Means  and  Standard  Deviations  of  Option  Use, 
Percentage  Not  Using  Each  Option, 
and  Correlations  with  Posttests 


Adjunct  Adjunct 

Read 

Questions  Questions 

Only 

plus  Feedback 

Macroorocessing  Frequency 

Data 

1 

Preview  Incidental 

M 

.55 

1.02 

1.13 

SD 

1.70 

2.22 

2.  1 1 

L  ~ 

-.22 

.  14 

.05 

2 

.72 

.49 

Preview  Relevant 

M 

.50 

SD 

1.16 

1.56 

1.  10 

L  ~ 

-.30* 

.10 

.03 

3 

Preview  Total 

M 

1.05 

1.74 

1.63 

SD 

2.51 

3.54 

3.04 

r  = 

-.35* 

.  14 

.06 

%  not 

using 

69 

59 

58 

1 

Review  Incidental 

M 

5.77 

9.53 

6.19 

SD 

12.17 

12.83 

11.01 

r  = 

-.05 

.37* 

.  39** 

2 

Review  Relevant 

M 

3.78 

6.70 

3.74 

SD 

8.18 

9.82 

7.44 

r  = 

-.02 

.  36* . 

.  33* 

3 

16.23 

9.93 

Review  Total 

M 

9.55 

SD 

20.06 

22.24 

18.19 

r  = 

-.03 

.37* 

.40** 

%“”not 

using 

54 

42 

*49 

Alternate  Text  Incidental 

1 

M 

2.53 

23.14 

9.95 

SD 

7.06 

29.06 

17.46 

r  = 

-.23 

.15 

.16 

18 


Table  2,  part  2 


2 

Alternate  Text  Relevant 


M 

SD 
r  = 


3 

Alternate  Text  Total 


M. 

SD 
r  = 

t^not  using 


1 

Review-Alternate  Incidental  M 

SD 

r 


2 

Review-Alternate  Relevant 


M 

SD 
r  = 


3 

Review-Alternate  Total  M 

SD 
r  = 

%"“not  using 


1 

Notes  From  Incidental 


M 

SD 
r  = 


2 

Notes  From  Relevant 


M 

SD 
r  = 


3 

Notes  Total 


M 

SD 
r  = 

%  not  using 


1 

Review-Notes  from  Incidental  M 

SD 

r 


2.21 

14.35 

5.44 

6.  14 

18.60 

10.55 

-.20 

.  10 

.09 

4.74 

37.50 

15.40 

13.04 

47.32 

27.48 

-.21 

.  14 

.14 

69 

52 

41 

1.84 

2.23 

2.14 

8.78 

4.95 

6.21 

.  26 

.13 

-.23 

.42 

2.06 

1.32 

1.62 

5.29 

3.64 

.22 

.11 

-.24 

2.28 

4.29 

3.46 

10.36 

9.94 

9-75 

.24 

.14 

-.27 

88 

88 

71 

2.92 

3.79 

6.19 

4.72 

5.28 

7.27 

.26 

.22 

.  19 

.87 

1.74 

2.92 

1.56 

2.64 

4.22 

.43** 

.  18 

.  10 

3.79 

5.54 

9.10 

5.98 

7.67 

10.97 

.33* 

.21 

.20 

47 

32 

18 

.21 

.48 

.62 

.70 

.84 

1.24 

.27 

.  16 

.25 

19 


Table  2 ,  part  3 


2 


Review-Notes  from  Relevant 

M 

.08 

.20 

.30 

SD 

.36 

.52 

.58 

r  = 

.25 

.23 

.11 

3 

.69 

Review-Notes  Total 

M 

.29 

.92 

SD 

.96 

1.09 

1 .6*4 

r  = 

.30 

.22 

.28 

%  not 

using 

86 

67 

7*4 

1 

Headings  from  Incidental 

M 

.39 

.6*1 

.91 

SD 

.86 

1.21 

1.28 

r  = 

in 

.31 

-.07 

2 

Headings  from  Relevant 

M 

.18 

.27 

.*48 

SD 

.56 

.57 

.78 

L  ~ 

-.18 

-.20 

-.16 

3 

Headings  Total 

M 

.58 

.92 

1.38 

SD 

1.11 

1.53 

1.93 

r  = 

-.11 

.13 

-.11 

t  not 

using 

72 

70 

57 

IrCorrelated  with  Incidental  Posttest 
2=Correlated  with  Relevant  Posttest 
3=Correlated  with  Total  Posttest 


*  =  p.  <.05 

**=  2^  <.01 
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TABLE  3.  Results  of  Multivariate  Regression 
Analysis  of  Posttest  Scores 


1 


N=1 12 

WILKS 

UK I VARIATE  F's 
PostRel  Postlnc 

Treatment 

5.12** 

8.12** 

3.36° 

Pretest 

15.83** 

29.95** 

25.51** 

Worry  Scale 

2.03 

2.28 

4.09° 

Trt  *  Pretest 

* 1 

*  1 

i  1 

Trt  *  Worry 

^  1 

/  1 

*1 

Pre  *  Worry 

-  1 

*  1 

Trt*Pr e*Worry 

1 

z  1 

*  1 

1.  Approximate  transformation  to  the  distribution. 
**  signif  LE  .001  *  6ignif  LE  .01  °signif  LE  .05 
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cents  learned  less  than  these  lower  in  anxiety.  Further, 
mult i var iate  regression  analysis  uncovered  no  interactions 
anoric  these  variables. 

Multivariate  reqression  analysis  results  of  the  macropro- 
cessinq  option  data  are  displayed  in  Table  «. 


Insert  Table  U  here 


This  analysis  indicated  a  difference  among  the  three  groups 
for  the  frequency  of  overall  option  use,  with  significant 
univariate  effects  for  use  of  the  alternate  text  and  note- 
tahinq,  in  particular.  In  general,  the  group  receiving  ad- 
iunct  postquestions  and  feedback  used  the  roacr oprccessing 
options  least  frequently,  while  the  adjunct  postquestions 
only  group  used  the  options  most.  A  main  effect  for  worry 
was  found  for  the  alternate  text  option  indicating  that  the 
mere  anxious  students  tended  to  use  the  alternate,  easier 
version  of  the  text  more  frequently  than  less  anxicus  stu¬ 
dents. 

Moreover,  this  analysis  of  the  macroprccessing  data  pro¬ 
duced  a  number  cf  significant  interactions.  For  example,  a 
sicnificant  pretest  by  worry  interaction  was  found  for  use 
of  Doth  the  alternate  text  and  headings  options. 


It  should  be  noted,  here,  that  deviation  scores  fer  both 
anxiety  and  prescore  were  computed  and  used  in  the  regres¬ 
sion  analyses  end  are  represented  by  the  x  axis  in  the  fig¬ 
ures.  The  use  of  deviation  scores  has  been  recommended  to 
reduce  the  effects  of  mult i col linea rity  among  predictor 
variables  (Crcnbach  and  Snow,  1977). 

In  addition,  a  significant  triple  interaction  of  treat¬ 
ment  by  pretest  by  worry  was  found  for  the  alternate  text 
option.  This  interaction  is  depicted  in  Figure  3. 


Insert  Figure  I  here 


Interest inql y,  the  shape  of  the  interaction  between  prescore 
and  anxiety  is  essentially  the  same  for  both  the  feedback 
and  the  control  groups,  while  the  pcstquesticns  only  group 
had  a  more  or  less  parallel  slope  for  the  anxiety  regression 
line  but  a  steeper  slope  for  the  prescore  regression  line. 
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TABLE  4.  Results  of  Multivariate  Regression 
Analysis  of  Macroprocessing  Options 


1 

N=120  WILKS  UNIVARIATE  F's 


Rev 

EZ 

RvEZ 

Notes 

RvNotes 

Hdgs 

Prev 

Treatment 

2.88** 

1.4 

11.54** 

'1 

4.06° 

2.42 

2.87 

Cl 

Pretest 

-cl 

*1 

1.46 

*1 

1.62 

3.12 

2.5 

-c  1 

Worry  Scale 

1.8 

2.73 

3.67® 

2.90 

-cl 

-cl 

2.76 

1.95 

Trt  *  Pretest 

1.3 

2.0 

'1 

2.49 

-cl 

-1 

2.08 

2.11 

Trt  *  Worry 

*1 

-cl 

xl 

'1 

‘1 

-1 

-cl 

-cl 

Pre  *  Worry 

2.04° 

-a 

10.78**  '1 

1.10 

-•  1 

4.06° 

1.87 

Tr t*Pre*Worry 

1.33 

2.56 

4.47° 

*1 

2.39 

-cl 

2.86 

1.77 

1.  Approximate  transformation  to  the  F^  distribution. 
**  signif  LE  .001  *  signif  LE  .01  0  signif  LE  .05 


23 


The  interaction  between  anxiety  and  presccre  for  both  the 
feectacK  and  control  group  is  quite  similar,  while  for  the 
cost  sues  t ions  only  qroup  the  influence  of  prescore  was  much 
stronger  . 
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DISCUSSION 


The  sicnificar.t  differences  on  both  the  relevant  and  inci¬ 
dental  iteirs  of  the  posttest  confirm  prior  findings  that  ad¬ 
junct  postauest  icns  facilitate  achievement  on  material  which 
is  both  incidental  and  relevant  to  the  content  of  the  ques¬ 
tion.  In  this  study  the  two  groups  receiving  questions  out¬ 
performed  the  reading -only  control  group  both  cn  relevant 
and  incidental  iters  of  the  posttest.  Of  some  interest  was 
the  fact  that  the  adjunct  question  group  had  slightly, 
thouch  net  s igr i f i cant  1 y ,  higher  scores  than  the  greup  re- 
ceivinc  feedback.  Perhaps  the  presence  of  feedback  led  this 
arcup  to  process  the  text  less  thoroughly  than  the  adjunct 
ccsta_estion  only  group. 

The  most  surprising  aspect  of  the  macroprocessing  data 
was  the  increcitle  variability  with  which  the  rracrop rocess* 
ina  options  were  employed.  The  percentage  of  students  who 
did  not  use  an  option  at  all  varied  from  18*  to  88*.  De¬ 
spite  this  lew  mean  frequency  cf  usage,  a  number  cf  students 
used  these  eptiens  very  often  indeed.  The  standard  devia¬ 
tions  cf  the  frequency  data  are  often  twe  and  three  times 
hianer  than  the  mean!  Clearly,  there  was  incredible  vari¬ 
ability  in  the  frequency  with  which  options  were  used. 

There  was  a  significant  difference  among  th?  groups  in 
terms  of  the  frequency  with  which  options  were  used.  In 
aeneral,  the  qrcup  receivinq  feedback  used  the  options  least 
often,  and  the  adjunct  question  gioup  most  frequently. 
These  results  appear  to  suqqest  that  the  greup  receiving 
feedback  may  have  little  need  to  use  the  options  due  to  the 
information  provided  by  the  feedback.  That  Is,  it  cay  have 
been  unnecessary  for  these  students  to  use  the  review  op¬ 
tion,  for  example,  in  order  to  determine  the  correct  answer, 
since  it  was  supplied  to  them.  The  large  mean  differences 
on  use  of  review  supports  this  thinking.  Presumably,  these 
students  -ere  similarly  less  motivated  to  employ  the  other 
options  provided.  This  aspect  of  the  results  confirms  Tobi¬ 
as'  (1962)  expectation  that  it  is  instruct  icnally  unscund  to 
do  for  students  what  they  could  do  for  themselves,  i.e.  sup¬ 
ply  their  own  confirmation  as  to  whether  answers  are  correct 
or  not.  Apparently,  by  providing  feedback  these  student* 
were  less  active  in  their  reading  of  the  text,  at  least  as 
determined  by  the  frequency  of  macroprocessing  use. 
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Interact  lens 


The  interaction  between  prescore  and  anxiety  on  the  nu rr.be r 
cf  alternate  text  sentences  read  indicates  that  the  more 
a  nxicus  st^cents  tended  to  read  more  alternate  sentences 
than  those  lower  ir  anxiety.  This  finding  can  be  expected 
frer  a  ferr  elation  (Tobias,  1 9  6 )  suggesting  that  anxiety 
atsorts  sere  portion  cf  cognitive  capacity,  leaving  less  ca¬ 
pacity  fer  tesh  solution.  Use  of  the  alternate,  easier  text 
ray  well  have  teen  less  deitanding  of  cognitive  capacity  for 
these  subjects.  hence,  as  anxiety  increased  they  attempted 
tc  recuce  the  ccanitive  demand  the  rain  text  passage  called 
for  by  ccnsultina  the  less  demanding  alternate  passage.  The 
nurber  of  alternate  sentences  consulted  had  an  essentially 
flat  jelaticnship  with  prescore,  indicating  little  variabil¬ 
ity  attritutatle  tc  the  an.ount  of  prior  Knowledge.  P  simi¬ 
lar  interact icn  was  found  for  frequency  with  which  the  head¬ 
ings  were  used,  though  the  magnitude  cf  this  interaction  was 
s  u  t  s  t  a  r.t  i  a  1 1  y  snaller  than  that  involving  the  alternate 
text. 


P  triple  interaction  was  also  found  for  the  number  of  al¬ 
ternate  text  sentences  read  by  students.  This  interaction 
involved  anxiety,  presccre,  and  i ns t r uc t lena  1  method.  In 
central,  the  nurrter  of  sentences  read  were  unrelated  to 
rresccre  fer  tre  control  and  feedback  groups.  For  the  ad- 
-i-rct  pcstc-tst  ion  aroup,  however,  as  prescore  increased  the 
ter.ccrcy  tc  use  the  alternate  text  also  increased.  Fresum- 
atlv,  students  in  this  qrcjp  were  uncertain  regarding  the 
correctness  of  their  answers  to  the  adjunct  post  quest  ions 
and,  hence,  felt  seme  need  to  consult  the  alternate,  easier 
text.  S  urp  r  is  i  nal  y  ,  the  mere  Knowledcable  the  studu.it  about 
t*"t  s-tject  ratter,  as  reflected  in  the  presccre,  the  more 
likely  they  were  tc  consult  the  alternate  text.  The  inter¬ 
action  irvolvinc  anxiety  had  a  similar  slope  for  all  three 
instructional  croups,  i.e.,  as  anxiety  increased  there  was  a 
tencer.cy  for  the  number  cf  alternate  text  sentences  read  to 
increase  as  well.  The  rationale  for  this  finding  has  been 
de sc  r i be d  a  bove  . 


QpUQQ  USS 

A  surprisinq  findirq  was  the  fact  that,  in  general,  students 
use  of  macr  cprocessi  nq  options  had  only  limited  relatioships 
tc  their  postest  scores,  see  Table  2  for  correlations  ,  and 
similarly  limited  relationships  to  reading  ability.  It  was 
assumed  that  students  would  invoke  some  cr  all  of  the  op¬ 
tions  to  help  them  learn  the  material  more  efficiently,  and 
that  use  of  these  options  would  be  positively  related  to 
outcomes.  Instead,  the  findings  suggest  that  option  use 
frecuentlv  was  not  in  the  service  of  increasing  comprehen¬ 
sion. 
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view  in  the  pilot  study,  the  data  for  number  of  sentences 
reviewed  tell  a  different  story.  The  feedback  and  control 
croups  reviewed  approximately  5*  of  the  sentences,  end  the 
adjunct  pcstquesticns  qroup  reviewed  about  9S.  This  was  not 
a  hiqh  percentaqe  of  reviews,  in  view  of  the  fact  that  the 
mean  pcsttest  score  indicated  a  good  deal  of  room  for  im- 
pr cvemen  t . 


Prescriptive  Use  of  Macroprocesses 

fin  interesting  question  arising  in  this  context  is  what 
would  be  an  ideal  use  of  options?  That  is,  how  frequently 
should  qood  or  poor  readers  use  these  options?  The  present 
data  dc  net  answer  this  question  satisfactorily,  since  the 
median  correlation  between  the  total  frequency  of  option  use 
and  total  posttest  score  was  only  -.03  for  the  feedback 
qroup,  and  .14  for  both  the  adjunct  question  and  reading- 
only  qroup.  Clearly,  such  correlations  do  not  warrant  rec¬ 
ommendations  recardinq  ideal  use  of  instructional  options. 

The  study  does,  however,  offer  an  interesting  model  in 
order  to  determine  what  could  be  ideal  use  of  options. 
Thouqh  there  was  variation  among  the  treatment  groups,  in 
this  investigation  the  frequency  of  options  used  correlated 
positively  with  the  total  posttest  score.  Analyses  cf  these 
correlations  may  be  useful  in  buildinq  a  model  of  ideal  op¬ 
tion  use.  That  is,  if  option  use  is  highly  correlated  with 
achievement,  then  such  use  should  be  recommended.  Further¬ 
more,  the  presence  of  data  regarding  students*  prior 
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achievement,  reading  ability,  and  anxiety  permits  the  compu¬ 
tation  of  partial  correlation  coefficients  in  which  the  con¬ 
tributions  of  these  variables  can  be  studied  in  further  re¬ 
search.  It  fellows,  then,  that  the  use  of  correlational 
analyses  is  potentially  powerful  for  making  r econ iren dat ions 
recardina  ideal  option  use. 

In  future  research  it  may  be  useful  tc  assist  students 
with  eptien  selection.  It  would  appear  that  students  should 
review  the  precedinq  text  in  those  instances  when  their  an¬ 
swers  to  an  acjunct  question  are  wrong.  In  that  way  they 
nay  be  able  tc  correct  their  misconceptions  prior  tc  moving 
on  to  sjceeding  text.  A  future  study,  fer  example,  might 
examine  the  effect  on  the  learning  outcomes  of  sene  stu¬ 
dents,  say  those  with  low  pretest  scores,  of  prescribing  use 
of  the  review  cpticn.  If  use  of  review  in  these  situat ions 
does,  in  fact,  raise  achievem.en  t ,  one  can  then  envision  a 
suceeding  study  in  which  students  are  taught  this  general 
strategy  while  their  performance  is  monitored  on  tasks  simi¬ 
lar  tc  these  used  in  this  experiment. 
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